1. Introduction {#sec1}
===============

Alzheimer\'s disease is the most common form of dementia in the elderly and is characterized by a progressive loss of cognitive capacity and severe neurodegeneration. The pathophysiologic process is posited to be initiated by extracellular fibrillary *β*-amyloid deposition, with subsequent intraneuronal hyperphosphorylated tau protein aggregation \[[@B1]\]. Mutations in the amyloid precursor protein (APP), presenilin-1 (PS1), or PS2 that alter APP metabolism favor the production of a fibrillary form, A*β*. Such findings form the basis of the amyloid cascade hypothesis of AD pathophysiology \[[@B2]\].

Although this amyloid cascade hypothesis may be the underlying pathogenesis for the familial form of AD, increasing evidence suggests that oxidative stress has a key role in late-onset sporadic forms, which are the majority of AD cases. Abnormal levels of oxidative stress have been reported in Alzheimer\'s disease in both the brain and blood stream \[[@B3], [@B4]\]. Changes in Alzheimer\'s disease that produce a prooxidative imbalance have been attributed to decrease in antioxidant defenses, toxicity related to amyloid-*β*, and/or altered metal metabolism in the brain and peripheral tissues \[[@B3], [@B4]\] ([Figure 1](#fig1){ref-type="fig"}).

Oxidative stress, a pathophysiologic imbalance between oxidants and antioxidants in favor of the former, with potential damage, has been shown in the blood, cerebrospinal fluid (CSF), and brain of neurologic patients with probable AD \[[@B5]--[@B12]\]. Biomarkers of oxidative stress in subjects with AD are classified as lipid peroxidation, protein oxidation, DNA oxidation, superoxide dismutase, and glutathione system \[[@B5], [@B13]--[@B16]\]. Biomarkers of oxidative damage to lipids include thiobarbituric acid-reactive substances (TBARS) and oxidized-LDL (ox-LDL) \[[@B7], [@B17]\]. The level of TBARS can be measured in plasma, serum, erythrocytes, and leukocytes \[[@B7]\], while ox-LDL is mostly measured in serum \[[@B17]\]. Oxidative attack on proteins results in the formation of protein carbonyls and protein nitration \[[@B18], [@B19]\]. Protein carbonyls and nitrated protein can be measured in plasma, serum, CSF, and brain tissue \[[@B18]\]. Regarding nucleic acids, 8-hydroxy-2-deoxyguanosine (8-OHdG) is one of the most commonly used markers of oxidative nucleic acid damage and can be measured in lymphocytes, leukocytes, and the brain \[[@B16]\].

The possible benefits of biomarkers in clinical practice include outcome prediction in AD patients that may further influence therapeutic regimens. The aim of this review is to determine whether biomarkers of oxidative stress can play an important prognostic role in the outcome of AD. The successful translation of these approaches to the clinics offers the promise of not only improving outcome prediction but also a more scientific basis for therapeutic options.

2. Methods {#sec2}
==========

Studies were identified from a systematic search of PubMed, Scopus databases, Google Scholar, and the reference lists of all included studies and major relevant review papers. To find all of the relevant articles, PubMed was searched using the key words: "TBARS," "oxidized LDL," "protein carbonyls," "8-HOG," "antioxidant," and "Alzheimer\'s disease" in various combinations. Case-control studies with human subjects were considered for inclusion. The articles selected were published in English between January 1985 and September 2013.

3. Results {#sec3}
==========

3.1. Biomarkers of Lipid Peroxidation {#sec3.1}
-------------------------------------

Lipid peroxidation is one of the major consequences of oxidative imbalance-mediated injury to the brain. It causes changes in the fluidity and permeability of cell membranes and impairs the activity of membrane-bound enzymes. Lipid peroxidation also leads to the production of conjugated diene hydroperoxides and unstable substances that disintegrate into various aldehydes like malondialdehyde, 4-hydroxynonenal, and TBARS.

Several studies demonstrate that serum or plasma TBARS level in AD subjects is significantly higher than in controls \[[@B7], [@B13], [@B15], [@B20]--[@B28]\], while others observe no significant difference between AD subjects and controls \[[@B29]--[@B35]\] ([Table 1](#tab1){ref-type="table"}). Results regarding erythrocyte TBARS level in AD are also controversial. Some studies observe higher erythrocyte TBARS levels in AD \[[@B5], [@B7], [@B31]\], while others observe no difference between AD and controls \[[@B6], [@B15], [@B29], [@B36]\]. A meta-analysis regarding blood TBARS level in AD and mild cognitive impairment reveals that TBARS levels are significantly elevated in Alzheimer\'s disease plasma/serum \[[@B37]\]. However, findings may vary by different patients selection criteria: some researchers observe AD subjects with MMSE 7--24 points do not have significantly higher serum TBARS than controls \[[@B34]\], while others observe AD subjects with 7--20 points as well as ADAS-cog 10--35 points have significantly higher serum TBARS than controls \[[@B20]\]. These suggest that MMSE alone is not enough to discriminate those with higher TBARS from those with lower TBARS. The lack of a link between MMSE and TBARS is also reported by another study, which suggests that MMSE is not correlated with TBARS \[[@B7]\], while plasma TBARS level may actually increase with the severity of cognitive dysfunction in AD \[[@B7]\].

Ox-LDL has been suggested to be produced by oxidized phospholipids released from brain tissue into circulation \[[@B38]\]. Ox-LDL is a promising marker of oxidative injury of the whole body. It may also be a peripheral marker that is linked to the severity of oxidative damage in the presence of dementia \[[@B23], [@B39], [@B40]\]. Serum ox-LDL level is universally higher in AD than in controls in the three studies.

3.2. Biomarkers of Protein Oxidation {#sec3.2}
------------------------------------

Two different biomarkers of free-radical damage against protein have been suggested: protein oxidation that leads to the production of protein carbonyls \[[@B7], [@B14], [@B17], [@B18], [@B23], [@B28], [@B40]--[@B47]\] and protein peroxidation that leads to the production of nitrated protein \[[@B18], [@B19], [@B43], [@B46], [@B48]--[@B50]\] ([Table 2](#tab2){ref-type="table"}). As a peripheral marker of oxidative stress in the brain, higher serum/plasma protein carbonyls level in AD is demonstrated in several studies despite varying patient selection criteria \[[@B7], [@B18], [@B40]--[@B43], [@B46]\]. Only two studies show no significant difference in serum/plasma protein carbonyls level between AD and controls \[[@B17], [@B23]\].

3.3. Biomarkers of Antioxidants {#sec3.3}
-------------------------------

Antioxidants are suggested as potential indirect markers of oxidative stress processing in the brain of patients with AD ([Table 3](#tab3){ref-type="table"}). Oxidative stress has been speculated to cause antioxidant consumption and thus, a decline in antioxidant levels \[[@B51]\]. Nonenzymatic compounds with antioxidant properties include vitamin A/carotenoids, vitamins C and E, and uric acid. On the other hand, antioxidant enzymes that vary on condition of oxidative stress in AD remain unsettled, since antioxidant enzymes like glutathione peroxidase (GPx) and superoxide dismutase (SOD) may be induced by oxidative stress (to increase their level or activity) or consumed (to decrease their level or activity) \[[@B37]\].

### 3.3.1. Uric Acid {#sec3.3.1}

Three studies elaborate that plasma or serum uric acid level is significantly lower in AD \[[@B52]--[@B54]\], while three other studies do not observe this difference \[[@B29], [@B55], [@B56]\]. It is possible that excluding patients with metabolic syndrome plays an important role in measurements of significantly lower uric acid level in AD \[[@B52], [@B54]\]. This suggests that metabolic syndrome may interfere with the level of uric acid as an indirect marker of oxidative stress in AD.

### 3.3.2. Vitamin E {#sec3.3.2}

Most of the studies in the literature report that plasma or serum vitamin E level is significantly lower in AD \[[@B7], [@B9], [@B10], [@B15], [@B16], [@B25], [@B54], [@B57]--[@B60]\]. However, vitamin E supplementation does not seem to improve prognosis in AD \[[@B61]\]. So far, erythrocyte and platelet vitamin E levels are not different between AD and controls \[[@B15], [@B29]\].

### 3.3.3. Vitamin C {#sec3.3.3}

Vitamin C concentration in plasma or serum is also found to be significantly lower in AD in most literature \[[@B10], [@B16], [@B25], [@B54], [@B60], [@B62], [@B63]\]. Furthermore, vitamin C is especially significantly lower in moderate and severe AD \[[@B62]\].

### 3.3.4. Vitamin A {#sec3.3.4}

All of the studies on serum or plasma vitamin A levels establish a significant difference between AD and control \[[@B10], [@B16], [@B25], [@B54], [@B63], [@B64]\].

### 3.3.5. Superoxide Dismutase (SOD) {#sec3.3.5}

As an antioxidant enzyme, SOD may be induced or consumed by oxidative stress \[[@B65]\]. It is one of the most studied antioxidant enzymes in AD. Several studies find no difference in SOD between AD and controls \[[@B15], [@B29], [@B31], [@B36], [@B66]\]. Some find significantly lower erythrocyte level \[[@B5], [@B11], [@B54], [@B67]\] and plasma/serum level \[[@B11], [@B26]\] in AD, while others find significantly higher erythrocyte \[[@B6], [@B7], [@B21], [@B22], [@B68]--[@B71]\] and plasma \[[@B28]\] levels in AD. However, only three among these studies have a case number more than 80 \[[@B7], [@B22], [@B68]\] and all of them either include only mild-to-moderate AD \[[@B22], [@B68]\] or have clear severity-classification of AD \[[@B7]\]. All three demonstrate significantly higher erythrocyte SOD level in AD \[[@B7], [@B21], [@B22]\]. One study further establishes that leukocyte SOD level is higher in moderate AD than in mild AD, higher in mild AD than in controls, and higher in mild AD than in severe AD \[[@B7]\]. This suggests that SOD level is induced by oxidative stress in the early stages of AD and is consumed in the later stage. Studies with different findings may be due to limitations of small sample size \[[@B26], [@B66]\] or loose inclusion criteria \[[@B15], [@B21], [@B29], [@B36], [@B54]\].

### 3.3.6. Glutathione Peroxidase (GPx)/Reduced Glutathione (GSH) {#sec3.3.6}

Glutathione peroxidase, another antioxidant enzyme, may be also induced or consumed under conditions of oxidative stress \[[@B65]\]. Some studies demonstrate no difference in GPx level between AD and controls \[[@B15], [@B22], [@B29], [@B31]\]. Some demonstrate lower GPx in AD \[[@B26]--[@B28], [@B36], [@B54]\], while others observe higher GPx \[[@B5], [@B7], [@B24], [@B27]\]. As for the balance between reduced and oxidized GSH (GSSG), some studies show no significant difference between AD and controls \[[@B6], [@B20], [@B29]\], while others demonstrate a balance towards GSSG in AD with statistical significance \[[@B7], [@B32], [@B41], [@B72], [@B73]\]. The only study with a case number more than 100 demonstrates significantly higher plasma, erythrocyte, and leukocyte GPx and GSSG levels in severe AD than in moderate AD, in moderate AD than in mild AD, and in mild AD than in controls \[[@B7]\]. Other studies may be limited by their small sample size \[[@B6], [@B15], [@B26]\] or different patient characteristics \[[@B20], [@B31], [@B54]\].

3.4. Biomarkers of DNA Oxidation {#sec3.4}
--------------------------------

8-OHdG is the most commonly studied biomarker for oxidative DNA. Most studies in the literature reveal significantly higher 8-OHdG in AD \[[@B4], [@B16], [@B74]\]. Among the three, two studies demonstrated significantly higher peripheral 8-OHdG in lymphocytes and leukocytes \[[@B4], [@B16]\].

3.5. Biomarkers of Central Nervous System {#sec3.5}
-----------------------------------------

As for CSF antioxidant, the difference of vitamin E level between AD and controls remains controversial \[[@B58], [@B64]\]. Although one study shows no difference in CSF vitamin C level between AD and controls \[[@B75]\], two other studies reveal that CSF vitamin C level is lower \[[@B60], [@B64]\] and one study even has negative findings, which may be due to the small sample size \[[@B75]\]. Only one study about CSF vitamin A level shows no difference between AD and control \[[@B64]\].

In terms of markers of oxidative stress measured closer to the brain, one of the studies that measured brain 8-OHdG directly found elevated 8-OHdG in AD \[[@B74]\]. CSF protein carbonyl level is universally significantly higher in AD than in controls \[[@B18], [@B45], [@B46]\]. Furthermore, several studies measure protein carbonyls directly in the brain postmortem \[[@B14], [@B43], [@B47]\]. Although most studies on the hippocampus have found exclusively significantly higher protein carbonyl levels in AD, one study on other brain regions such as the neocortex, amygdala, brainstem, and cerebellum has also found significantly increased protein carbonyl levels in AD \[[@B47]\].

Regarding nitrated protein that represents protein peroxidation, there is no consistency among different research groups on assessing nitrated protein level in AD. Although direct measurement from brain tissue postmortem reveals consistently significantly higher nitrated protein in AD \[[@B19], [@B43], [@B49]\], only two studies demonstrate significantly higher CSF nitrate protein level in AD \[[@B46], [@B48]\]. Two other studies report no difference between AD and controls \[[@B18], [@B50]\].

4. Conclusions {#sec4}
==============

Most studies show that serum markers of lipid peroxidation are elevated in Alzheimer\'s disease. However, there is insufficient evidence to justify the routine use of biomarkers as predictors of severity or outcome in AD.
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###### 

Studies exploring the predictive capacity of biomarkers of lipid peroxidation in AD.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Reference                                     Subjects\' characteristic                                                                                                                                                                                                                                                                                                                                         Specimen              Results
  --------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  TBARS                                                                                                                                                                                                                                                                                                                                                                                                                                 

  Aybek et al. (2007) \[[@B20]\]                62 AD pts (mean age = 73.3, MMSE of 7 to 20 points, ADAS-Cog of 10 to 35 points, GDS \>1 and ≤3). 56 controls (mean age = 70.8).                                                                                                                                                                                                                                  Serum                 Significantly higher in AD patients and control group (Mann-Whitney *U* test, *P* = 0.0001).

                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Casado et al. (2008) \[[@B5]\]                50 AD pts (22 pts aged from 65 to 74, 23 pts aged of 75 to 84, five pts aged \>85). Exclusion criteria: DM, myeloproliferative disorders, uncontrolled hypertension, mental retardation, malnutrition. 50 controls (24 subjects age of 65 to 74, 21 subjects age of 75 to 84, five subjects age \>85.                                                             Erythrocytes (HPLC)   Significantly higher in AD within group aged 65--74 years (*P* \< 0.001), group aged 75--84 years (*P* \< 0.001), and group aged 85--94 years (*P* \< 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Bermejo et al. (1997) \[[@B13]\]              18 AD pts (mean age = 76.3). 14 controls (mean age = 75.2).                                                                                                                                                                                                                                                                                                       Erythrocytes (HPLC)   Significantly higher in AD (*P* \< 0.01).

                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Ceballos-Picot et al. (1996) \[[@B31]\]       40 AD pts (mean age = 84.2). Exclusion criteria: life expectancy less than 4 months, taking steroids, blindness, or deafness. 34 controls (mean age = 79.1).                                                                                                                                                                                                      Plasma                No significant difference between AD and controls.

                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Gironi et al. (2011) \[[@B32]\]               25 AD pts (mean age = 78.2). Exclusion criteria: vascular insult, DM, chronic infection, malignant disease, severe renal, hepatic cardiorespiratory or hematological disease, and use of vitamin supplementation.\                                                                                                                                                Serum                 No significant difference between AD and controls.
                                                66 controls (mean age = 70.4).                                                                                                                                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                                                                                                                                                                                                                        

  McGrath et al. (2001) \[[@B34]\]              29 AD pts (mean age = 74, MMSE of 7 to 24). Exclusion criteria: other significant medical problems. 46 controls (mean age 73).                                                                                                                                                                                                                                    Serum                 No significant difference between AD and controls.

                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Ozcankaya and Delibas (2002) \[[@B21]\]       27 AD pts (mean age = 72.3). Exclusion criteria: life expectancy less than 3 months, taking steroids, blindness and deafness, iron for anemia, illiterate patients, and medical disorder other than dementia. 25 controls (mean age = 64.4).                                                                                                                      Serum                 Significantly higher in AD (*P* \< 0.001).

                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Serra et al. (2009) \[[@B22]\]                112 AD pts (mean age = 72.1). Exclusion criteria: head trauma, seizures, uncontrolled hypertension, mental retardation, psychosis or depression, smoking within 5 years, and vascular insult. Inclusion: GDS of 3 to 5. 80 controls (mean age = 68.4).                                                                                                            Plasma                Significantly higher in AD (*P* \< 0.001).

                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Torres et al. (2011) \[[@B24]\]               29 AD pts. 26 controls.                                                                                                                                                                                                                                                                                                                                           Serum                 MMSE was negatively associated with MDA levels (*r* = −0.31, *P* = 0.028). Significantly higher in AD (*P* \< 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Cristalli et al. (2012) \[[@B7]\]             110 AD pts (mean age = 74.7, GDS 3 = mild, GDS 4-5 = intermediate, GDS 6-7 = severe). No further exclusion criteria. 134 controls (mean age = 77.8).                                                                                                                                                                                                              Plasma/\              Significantly higher in mild, intermediate, and severe AD in comparison with control in plasma, erythrocytes and leukocytes samples. Significantly higher in severe AD in comparison with mild and intermediate AD in especially erythrocytes and leukocytes samples. Not inversely correlated with MMSE.
                                                                                                                                                                                                                                                                                                                                                                                                                  erythrocyte/\         
                                                                                                                                                                                                                                                                                                                                                                                                                  leukocytes            

                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Bourdel-Marchasson et al. (2001) \[[@B15]\]   20 AD pts (mean age = 80.1). Follow-up at memory center for more than 6 months, no evidence of nutritional behavior, mean duration of AD was 3.9 years, 19 pts on cholinergic therapy. 23 controls, mean age 76.0                                                                                                                                                 Plasma/\              Significantly higher in AD in plasma level (*P* = 0.036). No significant difference between AD and control in erythrocytes level.
                                                                                                                                                                                                                                                                                                                                                                                                                  erythrocytes          

                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Polidori et al. (2002) \[[@B25]\]             35 AD pts (mean age = 85.9). 40 controls (mean age = 85.5).                                                                                                                                                                                                                                                                                                       Plasma                Significantly higher in AD in plasma level (*P* \< 0.001).

                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Sekler et al. (2008) \[[@B35]\]               59 AD pts (mean age = 76.4, MMSE = 14.1 ± 6.0). 29 controls (mean age = 70.7).                                                                                                                                                                                                                                                                                    Plasma                No significant difference between AD and controls.

                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Serra et al. (2001) \[[@B6]\]                 18 AD pts. 14 controls.                                                                                                                                                                                                                                                                                                                                           Erythrocytes          No significant difference between AD and controls.

                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Padurariu et al. (2010) \[[@B26]\]            15 AD pts (mean age = 65.8, MMSE = 18.5 ± 0.3, ADAS-cog = 18.5 ± 0.3, not taking antioxidant supplement). 15 controls (mean age = 62.5).                                                                                                                                                                                                                          Serum                 Significantly higher in AD in serum level (*P* \< 0.0005).

                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Puertas et al. (2012) \[[@B28]\]              20 AD men (mean age = 70.6, MMSE 23.7 ± 0.92). 26 AD women (mean age = 73.9, MMSE 20.7 ± 0.66). Exclusion criteria: taking NSAIDs, steroids, vitamins or antioxidant supplements, history of smoking and alcohol intake, and comorbidity with other clinical major neurological illnesses. 16 control men (mean age = 73.3. 30 control women (mean age = 73.8).   Plasma                Significantly higher in both male and female AD individuals in plasma level (*P* \< 0.01).

                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Ox-LDL                                                                                                                                                                                                                                                                                                                                                                                                                                

  Aldred et al. (2010) \[[@B17]\]               72 AD pts (mean age = 80, AD Geriatric depression scale = 7.4 ± 3.6, MMSE = 19 ± 4.72). Controls (mean age = 75).                                                                                                                                                                                                                                                 Serum                 Significantly higher in AD (*P* = 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Cai. et al. (2007) \[[@B40]\]                 15 AD pts. 15 controls.                                                                                                                                                                                                                                                                                                                                           Serum                 Significantly higher in AD (*P* \< 0.05). MMSE inversely correlated with ox-LDL (*P* \< 0.05).
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Studies exploring the predictive capacity of biomarkers of protein peroxidation in AD.

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Reference                                   Subjects\' characteristic                                                                                                                                                                                                                                                                                                                                         Specimen                                                                                     Results
  ------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Protein carbonyls                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

  Cristalli et al. (2012) \[[@B7]\]           110 AD pts (mean age = 74.7, GDS 3 = mild, GDS 4-5 = intermediate, GDS 6-7 = severe). No further exclusion criteria. 134 controls (mean age = 77.8).                                                                                                                                                                                                              plasma/\                                                                                     Significantly higher in mild, intermediate, and severe AD in comparison with control in plasma, erythrocytes, and leukocytes samples. Significantly higher in severe AD than intermediate AD and in intermediate AD than mild AD in plasma, erythrocytes, and leukocytes samples. Inversely correlated with MMSE in all kind of samples.
                                                                                                                                                                                                                                                                                                                                                                                                                erythrocyte/\                                                                                
                                                                                                                                                                                                                                                                                                                                                                                                                leukocytes                                                                                   

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Bermejo et al. (2008) \[[@B41]\]            45 AD pts. 28 controls.                                                                                                                                                                                                                                                                                                                                           Serum                                                                                        Significantly higher in AD (*P* \< 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Conrad et al. (2000) \[[@B42]\]             25 AD pts (mean age = 78). 14 controls (mean age = 84).                                                                                                                                                                                                                                                                                                           Serum (HPLC)                                                                                 Significantly higher in AD (*P* \< 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Aldred et al.\                              72 AD pts (mean age = 80, AD GDS = 7.4 ± 3.6, MMSE = 19 ± 4).72 controls (mean age = 75).                                                                                                                                                                                                                                                                         Serum                                                                                        No significant difference between AD and NC.
  (2010) \[[@B17]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Cai et al.\                                 15 AD pts. 15 controls.                                                                                                                                                                                                                                                                                                                                           Serum                                                                                        Significantly higher in AD (*P* \< 0.05). MMSE inversely correlated with ox-LDL (*P* \< 0.05).
  (2007) \[[@B40]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Puertas et al.\                             20 AD men (mean age = 70.6, MMSE 23.7 ± 0.92). 26 AD women (mean age = 73.9, MMSE 20.7 ± 0.66). Exclusion criteria: taking NSAIDs, steroids, vitamins or antioxidant supplements, history of smoking and alcohol intake, and comorbidity with other clinical major neurological illnesses. 16 control men (mean age = 73.3. 30 control women (mean age = 73.8).   Plasma                                                                                       Significantly higher in both male and female AD individuals in serum level (*P* \< 0.05).
  (2012) \[[@B28]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Sultana et al. (2006) \[[@B43]\]            6 AD pts (mean age at death = 84.5, MMSE = 15.7 ± 2.6). 6 controls (mean age at death = 85.8)                                                                                                                                                                                                                                                                     Brain: hippocampus                                                                           All identified proteins with protein carbonyls significantly higher in AD (*P* ≤ 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Castegna et al. (2002) \[[@B47]\]           5 AD pts (mean age at death = 85. 5). 5 controls (mean age at death = 83).                                                                                                                                                                                                                                                                                        Brain: neocortical, hippocampal, entorhinal, amygdala, brainstem, and cerebellum             All identified proteins with protein carbonyls significantly higher in AD (*P* ≤ 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Korolainen and Pirttilä (2009) \[[@B18]\]   22 AD pts (mean age = 72, 22 AD pts disease duration = 2.3 ± 0.3, MMSE = 21.3 ± 0.9, 12 AD pts APOE4 positive). 10 control APOE4 positive. 18 controls (mean age = 68).                                                                                                                                                                                           CSF/\                                                                                        Significantly higher in all APOE4 negative subjects (*P* = 0.03) and APOE4 negative control (*P* = 0.016) in CSF specimen. Significantly higher in all control subjects than AD in serum (*P* = 0.005). No significant difference in plasma.
                                                                                                                                                                                                                                                                                                                                                                                                                plasma/\                                                                                     
                                                                                                                                                                                                                                                                                                                                                                                                                serum                                                                                        

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Choi et al. (2002) \[[@B44]\]               9 AD pts (age of 70 to 89). 9 controls (age of 74 to 89).                                                                                                                                                                                                                                                                                                         plasma                                                                                       Significantly higher protein carbonyl in AD (*P* \< 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Korolainen et al. (2007) \[[@B45]\]         11 AD pts (mean age = 73.5, mild AD MMSE of 14 to 26). 8 controls (mean age = 64.6)                                                                                                                                                                                                                                                                               CSF                                                                                          Significantly higher carbonation of *λ* chain precursor in AD (*P* = 0.03).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Ahmed et al. (2005) \[[@B46]\]              32 AD pts (mean age = 71). All before treatment of AchEI. 18 controls (mean age = 69).                                                                                                                                                                                                                                                                            CSF                                                                                          Significantly higher oxidized NFK and DG-H in AD (*P* \< 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Aksenov et al. (2001) \[[@B14]\]            6 AD pts (mean age = 80.4). 6 controls (mean age = 81.1).                                                                                                                                                                                                                                                                                                         Brain: hippocampus, superior and middle temporal lobe                                        Significantly higher carbonated CKBB and *β*-actin in AD (*P* \< 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Nitrated protein                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

  Korolainen and Pirttilä (2009) \[[@B18]\]   22 AD pts (mean age = 72, 22 AD pts disease duration = 2.3 ± 0.3, MMSE = 21.3 ± 0.9, 12 AD pts APOE4 positive). 10 control APOE4 positive. 18 controls (mean age = 68).                                                                                                                                                                                           CSF/\                                                                                        No significant difference in CSF, plasma, serum.
                                                                                                                                                                                                                                                                                                                                                                                                                plasma/\                                                                                     
                                                                                                                                                                                                                                                                                                                                                                                                                serum                                                                                        

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Sultana et al. (2006) \[[@B43]\]            6 AD pts (mean age = 84.5). 6 controls (mean age = 85.8).                                                                                                                                                                                                                                                                                                         Brain: hippocampus                                                                           All identified proteins with nitrated protein significantly higher in AD (*P* ≤ 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Tohgi et al.\                               25 AD pts (mean age = 67.9, 25 AD pts disease duration = 3.9 ± 2.1, MMSE = 15.6 ± 5.0. 24 controls.                                                                                                                                                                                                                                                               CSF                                                                                          Significantly higher nitrated protein in AD (*P* = 0.0001). CSF nitrated protein inversely correlated with MMSE.
  (1999) \[[@B48]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Castegna et al. (2003) \[[@B19]\]           5 AD pts (mean age at death = 85. 5).\                                                                                                                                                                                                                                                                                                                            Brain: inferior parietal lobe                                                                A-Enolase, Triosephosphate isomerase, and neuropolypeptide h3 nitration significantly higher in AD (*P* ≤ 0.05).
                                              5 controls (mean age at death = 83).                                                                                                                                                                                                                                                                                                                                                                                                                           

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Hensley et al. (1998) \[[@B49]\]            11 AD pts (mean age at death = 78.5). controls (mean age at death = 78).                                                                                                                                                                                                                                                                                          Brain: hippocampus, inferior parietal lobe, superior and middle temporal lobe, cerebellum.   Nitrated protein significantly in AD in area of hippocampus, inferior parietal lobe, superior and middle temporal lobe (*P* \< 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Ahmed et al. (2005) \[[@B46]\]              32 AD pts (mean age = 71, all before treatment of AchEI). 18 controls (mean age = 69).                                                                                                                                                                                                                                                                            CSF                                                                                          Significantly higher nitrated protein in AD (*P* \< 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Ryberg et al. (2004) \[[@B50]\]             17 AD pts (mean age = 73.4, mild AD pts MMSE of 19 to 24, moderate AD pts MMSE of 12 to 18, severe AD pts MMSE of 0 to 12. 19 controls (mean age = 68).                                                                                                                                                                                                           CSF                                                                                          No difference of nitrated protein between AD and control.
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Studies exploring the predictive capacity of antioxidant in AD.

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Reference                                                          Subjects\' characteristic                                                                                                                                                                                                                                                                                                                                              Specimen              Results
  ------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Antioxidant-uric acid                                                                                                                                                                                                                                                                                                                                                                                                                                           

  Polidori et al. (2002) \[[@B25]\]                                  35 AD pts (mean age = 85.9). 40 controls (mean age = 85.5).                                                                                                                                                                                                                                                                                                            Plasma                No significant difference between AD and controls.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Carantoni et al. (2000) \[[@B8]\]                                  24 AD pts (mean age = 83). Exclusion criteria: DM, taking any drug that influences blood glucose and lipid. 66 controls (mean age = 85).                                                                                                                                                                                                                               Plasma                No significant difference between AD and controls

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Kim et al. (2006) \[[@B52]\]                                       101 AD pts (mean age = 73.5). Exclusion criteria: DM, hypertension, hyperlipidemia. AD MMSE 17 ± 5.8. 101 controls (mean age = 73.2).                                                                                                                                                                                                                                  Plasma                Significantly lower in AD (*P* \< 0.0001).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Maesaka et al. (1993) \[[@B53]\]                                   18 AD pts. 11 controls.                                                                                                                                                                                                                                                                                                                                                Serum                 Significantly lower in AD (*P* \< 0.02)

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Rinaldi et al. (2003) \[[@B54]\]                                   63 AD pts (mean age = 76.8). Exclusion criteria: smoking, alcohol abuse, major organ failure, dyslipidemia, and malnutrition. 56 controls (mean age = 75.8).                                                                                                                                                                                                           Plasma                Significantly lower in AD (*P* \< 0.001)

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Antioxidant-vitamin E                                                                                                                                                                                                                                                                                                                                                                                                                                           

  Bourdel-Marchasson et al. (2001) \[[@B15]\]                        20 AD pts (mean age = 80.1). Follow-up at memory center for more than 6 months, no evidence of nutritional behavior, mean duration of AD = 3.9 years, 19 pts on cholinergic therapy. 23 controls (mean age = 76.0).                                                                                                                                                    Plasma/\              Significant plasma level in AD (*P* = 0.002). No difference in erythrocytes level.
                                                                                                                                                                                                                                                                                                                                                                                                                                            erythrocytes          

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Cristalli et al. (2012) \[[@B7]\]                                  110 AD pts (mean age = 74.7, GDS 3 = mild, GDS 4-5 = intermediate, GDS 6-7 = severe). No further exclusion criteria. 134 controls (mean age = 77.8).                                                                                                                                                                                                                   Plasma                Significantly lower in mild AD in comparison with control, lower in intermediate AD in comparison with mild AD, and lower in severe AD in comparison with intermediate AD.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Polidori et al. (2002) \[[@B25]\]                                  35 AD pts (mean age = 85.9). 40 controls (mean age = 85.5).                                                                                                                                                                                                                                                                                                            Plasma                Significantly lower in AD in plasma level (*P* \< 0.001).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Jiménez-Jiménez et al. (1997) \[[@B58]\]                           44 AD pts. 37 controls.                                                                                                                                                                                                                                                                                                                                                Serum/\               Significantly lower in serum and CSF in AD but no difference in serum-CSF ratio.
                                                                                                                                                                                                                                                                                                                                                                                                                                            CSF/\                 
                                                                                                                                                                                                                                                                                                                                                                                                                                            serum-CSF ratio       

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Riviere et al. (1998) \[[@B62]\]                                   44 AD pts (mean age = 78.5, MMSE \<24). 20 controls (mean age = 79.3).                                                                                                                                                                                                                                                                                                 Plasma                No significant difference between AD and control.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Rinaldi et al. (2003) \[[@B54]\]                                   63 AD pts (mean age = 76.8). Exclusion criteria: smoking, alcohol abuse, major organ failure, dyslipidemia, and malnutrition. 56 controls (mean age = 75.8).                                                                                                                                                                                                           Plasma                Significantly lower in AD (*P* \< 0.0001)

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Iuliano et al. (2010) \[[@B57]\]                                   37 AD pts (vitamin E levels corrected for cholesterol). 24 controls.                                                                                                                                                                                                                                                                                                   Plasma                Reduced in AD patients (*P* \< 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Schippling et al. (2000) \[[@B64]\]                                26 AD pts (mean age = 73.9). 14 controls (mean age = 70.3).                                                                                                                                                                                                                                                                                                            CSF/plasma            No significant difference in CSF and plasma.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Glasø et al. (2004) \[[@B60]\]                                     20 AD pts. 18 controls.                                                                                                                                                                                                                                                                                                                                                Serum                 Significantly lower in AD (*P* \< 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Sinclair et al. (1998) \[[@B9]\]                                   25 AD pts (mean age = 74.3, median MMSE = 19). 41 controls (mean age = 73.4).                                                                                                                                                                                                                                                                                          Plasma                Significantly lower in AD (*P* = 0.035).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Foy et al. (1999) \[[@B10]\]                                       79 AD pts (median age = 79, MMSE of 10 to 25). 58 controls (median age = 74).                                                                                                                                                                                                                                                                                          Plasma                Significantly lower in AD (*P* \< 0.01).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  von Arnim et al. (2012) \[[@B63]\]                                 74 AD pts. 158 controls.                                                                                                                                                                                                                                                                                                                                               Serum                 No difference between mild dementia and control.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Mecocci et al. (2002) \[[@B16]\]                                   40 AD pts (mean age = 75.9, mean MMSE = 17.3). 39 controls (mean age = 74.8).                                                                                                                                                                                                                                                                                          Plasma                Significantly lower in AD (*P* \< 0.001).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Antioxidant-vitamin C                                                                                                                                                                                                                                                                                                                                                                                                                                           

  Polidori et al. (2002) \[[@B25]\]                                  35 AD pts (mean age = 85.9). 40 controls (mean age = 85.5).                                                                                                                                                                                                                                                                                                            plasma                Significantly lower in AD in plasma level (*P* \< 0.001).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Riviere et al. (1998) \[[@B62]\]                                   44 AD pts (mean age = 78.5).                                                                                                                                                                                                                                                                                                                                           Plasma                Significantly lower in moderate and severe AD (*P* \< 0.005)

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  von Arnim et al. (2012) \[[@B63]\]                                 74 AD pts. 158 controls                                                                                                                                                                                                                                                                                                                                                Serum                 Significantly lower in demented subjects after adjusting for school education, intake of dietary supplements, smoking habit, body mass index, and alcohol consumption.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Rinaldi et al. (2003) \[[@B54]\]                                   63 AD pts (mean age = 76.8). Exclusion criteria: smoking, alcohol abuse, major organ failure, dyslipidemia, and malnutrition. 56 controls (mean age = 75.8).                                                                                                                                                                                                           Plasma                Significantly lower in AD (*P* \< 0.0001)

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Glaso et al. (2004) \[[@B60]\]                                     20 AD pts. 18 controls.                                                                                                                                                                                                                                                                                                                                                Serum/CSF             Significantly lower in AD (*P* \< 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Sinclair et al. (1998) \[[@B9]\]                                   25 AD pts (mean age = 74.3, AD median MMSE = 19). 41 controls (mean age = 73.4).                                                                                                                                                                                                                                                                                       Plasma                No significant difference between AD and control.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Foy et al. (1999) \[[@B10]\]                                       79 AD pts (median age = 79, MMSE of 10 to 25). 58 controls (median age = 74).                                                                                                                                                                                                                                                                                          Plasma                Significantly lower in AD (*P* \< 0.001).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Paraskevas et al. (1997) \[[@B75]\]                                17 AD pts. 15 controls.                                                                                                                                                                                                                                                                                                                                                Plasma/CSF            No significant difference.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Schippling et al. (2000) \[[@B64]\]                                26 AD pts (mean age = 73.9). 14 controls (mean age = 70.3).                                                                                                                                                                                                                                                                                                            CSF/plasma            No significant difference in plasma, but significantly lower in CSF (*P* \< 0.01).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Mecocci et al. (2002) \[[@B16]\]                                   40 AD pts (mean age = 75.9, mean MMSE = 17.3). 39 controls (mean age = 74.8).                                                                                                                                                                                                                                                                                          Plasma/               Significantly lower in AD (*P* \< 0.001).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Antioxidant-vitamin A/carotene                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Polidori et al. (2002) \[[@B25]\]                                  35 AD pts (mean age = 85.9). 40 controls (mean age = 85.5).                                                                                                                                                                                                                                                                                                            plasma                Significantly lower in AD in plasma level (*P* \< 0.001).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  von Arnim et al. (2012) \[[@B63]\]                                 74 AD pts. 158 controls.                                                                                                                                                                                                                                                                                                                                               Serum                 Significantly lower in demented subjects after adjusting for school education, intake of dietary supplements, smoking habit, body mass index, and alcohol consumption.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Rinaldi et al. (2003) \[[@B54]\]                                   63 AD pts (mean age = 76.8). Exclusion criteria: smoking, alcohol abuse, major organ failure, dyslipidemia, and malnutrition. 56 controls (mean age = 75.8).                                                                                                                                                                                                           Plasma                Significantly lower in AD (*P* \< 0.001)

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Schippling et al. (2000) \[[@B64]\]                                26 AD pts (mean age = 73.9). 14 controls (mean age = 70.3).                                                                                                                                                                                                                                                                                                            CSF/plasma            No significant difference in CSF but significantly lower in plasma (*P* \< 0.001).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Sinclair et al. (1998) \[[@B9]\]                                   25 AD pts (mean age = 74.3, median MMSE = 19). 41 controls (mean age = 73.4).                                                                                                                                                                                                                                                                                          Plasma                No significant difference between AD and control.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Foy et al. (1999) \[[@B10]\]                                       79 AD pts (median age = 79, MMSE of 10 to 25). 58 controls (median age = 74).                                                                                                                                                                                                                                                                                          Plasma                Significantly lower in AD (*P* \< 0.01).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Mecocci et al. (2002) \[[@B16]\]                                   40 AD pts (mean age = 75.9, mean MMSE = 17.3). 39 controls (mean age = 74.8)                                                                                                                                                                                                                                                                                           Plasma/               Significantly lower in AD (*P* \< 0.001).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Antioxidant-SOD                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  Casado et al. (2008) \[[@B5]\]                                     50 AD pts (22 pts aged from 65 to 74, 23 pts aged from 75 to 84, five pts aged \>85). Exclusion criteria: DM, myeloproliferative disorders, uncontrolled hypertension, mental retardation, and malnutrition. 50 controls (24 subjects aged from 65 to 74, 21 subjects aged from 75 to 84, five subjects aged \>85).                                                    Erythrocytes (HPLC)   Significantly lower in AD within group aged 65--74 years (*P* \< 0.02), group aged 75--84 years (*P* \< 0.005), and group aged 85--94 years (*P* \< 0.001).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Jeandel et al. (1989) \[[@B36]\]                                   55 AD pts. 24 controls.                                                                                                                                                                                                                                                                                                                                                Erythrocytes          No significant difference between AD and controls.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Ceballos-Picot et al. (1996) \[[@B31]\]                            40 AD pts (mean age = 84.2). Exclusion criteria: life expectancy less than 4 months, taking steroids, and blindness or deafness. 34 controls (mean age = 79.1).                                                                                                                                                                                                        Erythrocytes          No significant difference between AD and controls.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Ozcankaya and Delibas (2002) \[[@B21]\]                            27 AD pts (mean age = 72.3). Exclusion criteria: life expectancy less than 3 months, taking steroids, blindness and deafness, iron for anemia, illiterate patients, and medical disorder other than dementia. 25 controls (mean age = 64.4).                                                                                                                           Erythrocytes          Significantly higher in AD (*P* \< 0.001).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Serra et al. (2009) \[[@B22]\]                                     112 AD pts (mean age = 72.1). Exclusion criteria: head trauma, seizures, uncontrolled hypertension, mental retardation, psychosis or depression, smoking within 5 years, and vascular insult. Inclusion criteria: GDS of 3 to 5. 80 controls (mean age = 68.4).                                                                                                        Erythrocytes          Significantly higher in AD (*P* \< 0.001).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Cristalli et al. (2012) \[[@B7]\]                                  110 AD pts (mean age = 74.7, GDS 3 = mild, GDS 4-5 = intermediate, GDS 6-7 = severe). No further exclusion criteria. 134 controls (mean age = 77.8).                                                                                                                                                                                                                   Erythrocyte/\         Significantly higher in mild, intermediate, and severe AD in comparison with control in erythrocytes and leukocytes samples. Significantly higher in severe AD than intermediate AD, higher in intermediate AD than mild AD in erythrocyte sample (*P* \< 0.05). Significantly higher in intermediate AD than mild AD, higher in mild AD than severe AD in leukocyte sample (*P* \< 0.05).
                                                                                                                                                                                                                                                                                                                                                                                                                                            leukocytes            

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Bourdel-Marchasson et al. (2001) \[[@B15]\]                        20 AD pts (mean age = 80.1). Follow-up at memory center for more than 6 months, no evidence of nutritional behavior, mean duration of AD = 3.9 years, 19 pts on cholinergic therapy. 23 controls (mean age = 76.0).                                                                                                                                                    Erythrocytes          No significant difference between AD and controls.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Serra et al. (2001) \[[@B6]\]                                      18 AD pts. 14 controls.                                                                                                                                                                                                                                                                                                                                                Erythrocytes          Significantly higher in AD (*P* = 0.0000001).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Padurariu et al. (2010) \[[@B26]\]                                 15 AD pts (mean age = 65.8, MMSE = 18.5 ± 0.3, ADAS-cog = 18.5 ± 0.3, not taking antioxidant supplement). 15 controls (mean age = 62.5)                                                                                                                                                                                                                                Serum                 Significantly lower in AD in serum level (*P* \< 0.0004).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Puertas et al. (2012) \[[@B28]\]                                   20 AD men (mean age = 70.6, MMSE 23.7 ± 0.92). 26 AD women (mean age = 73.9, MMSE 20.7 ± 0.66). Exclusion criteria: taking NSAIDs, steroids, vitamins or antioxidant supplements, history of smoking and alcohol intake, and comorbidity with other clinical major neurological illnesses. 16 control men (mean age = 73.3). 30 control women (mean age = 73.8).       Plasma                Significantly higher in total AD in plasma level (*P* \< 0.01), but not in men and women separately.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Rinaldi et al. (2003) \[[@B54]\]                                   63 AD pts (mean age = 76.8). Exclusion criteria: smoking, alcohol abuse, major organ failure, dyslipidemia, and malnutrition. 56 controls (mean age = 75.8).                                                                                                                                                                                                           Erythrocytes          Significantly lower in AD (*P* \< 0.0001).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Ihara et al. (1997) \[[@B11]\]                                     22 AD pts (mean age = 74.8). 19 controls (mean age = 73.5).                                                                                                                                                                                                                                                                                                            Erythrocytes/\        Significantly lower in AD (*P* \< 0.001).
                                                                                                                                                                                                                                                                                                                                                                                                                                            plasma                

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Kharrazi et al. (2008) \[[@B68]\]                                  91 AD pts (mean age = 75, MMSE = 18.4 ± 4.8). 91 controls (mean age = 73.5)                                                                                                                                                                                                                                                                                            Erythrocytes          Significantly higher in AD (*P* = 0.001).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Perrin et al. (1990) \[[@B69]\]                                    25 AD pts. 25 controls.                                                                                                                                                                                                                                                                                                                                                Erythrocytes          Significantly higher in AD (*P* \< 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Rossi et al. (2002) \[[@B70]\]                                     32 AD pts (mean age = 72, MMSE = 19.2 ± 5.8). 22 controls (mean age = 70).                                                                                                                                                                                                                                                                                             Erythrocytes          Significantly higher in AD (*P* = 0.014).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Snaedal et al. (1998) \[[@B67]\]                                   44 AD pts. 44 controls.                                                                                                                                                                                                                                                                                                                                                Erythrocytes          Significantly lower in AD (*P* = 0.019).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Tabet et al. (2001) \[[@B66]\]                                     7 AD pts (mean age = 75, MMSE 21 ± 1.6). Exclusion criteria: other physical illnesses/treatments that could influence free radical or antioxidant levels (e.g., cancer, radiation therapy, oxygen intoxication, or liver disease). 6 controls (mean age = 71).                                                                                                         Erythrocytes          No significant difference.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  De Leo et al. (1998) \[[@B71]\]                                    31 AD pts (mean age at 65.4, MMSE \>16). 21 controls (mean age = 66.2).                                                                                                                                                                                                                                                                                                Erythrocytes          Significantly higher in AD (*P* \< 0.01).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Glutathione peroxidase/glutathione reductase/reduced glutathione                                                                                                                                                                                                                                                                                                                                                                                                

  Aybek et al. (2007) \[[@B20]\]                                     62 AD pts (mean age = 73.3, MMSE of 7 to 20, ADAS-cog of 10 to 35, GDS of 1 to 3. 56 controls (mean age = 70.8).                                                                                                                                                                                                                                                       Serum                 No significant difference of reduced GSH between AD and control.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Casado et al. (2008) \[[@B5]\]                                     50 AD pts (22 pts aged from 65 to 74, 23 pts aged from 75 to 84, five pts aged \>85). Exclusion criteria: DM, myeloproliferative disorders, uncontrolled hypertension, mental retardation, and malnutrition. 50 controls (24 subjects aged from 65 to 74, 21 subjects aged from 75 to 84, five subjects aged \>85.                                                     Erythrocytes (HPLC)   Significantly higher glutathione peroxidase (GPX) in AD within group aged 65--74 years (*P* \< 0.005) and group aged 75--84 years (*P* \< 0.005), but not within group aged 85--94 years.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Ceballos-Picot et al. (1996) \[[@B31]\]                            40 AD pts (mean age = 84.2). Exclusion criteria: life expectancy less than 4 months, taking steroids, and blindness or deafness. 34 controls (mean age = 79.1).                                                                                                                                                                                                        Plasma                No significant difference of GPX between AD and controls.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Jeandel et al. (1989) \[[@B36]\]                                   55 AD pts. 24 controls.                                                                                                                                                                                                                                                                                                                                                Erythrocytes          Significantly lower of GPX in AD (*P* \< 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Gironi et al. (2011) \[[@B32]\]                                    25 AD pts (mean age = 78.2). Inclusion age of 65 to 90. Exclusion criteria: vascular insult, DM, chronic infection, malignant disease, severe renal, hepatic cardiorespiratory or hematological disease, and use of vitamin supplementation. 66 controls (mean age = 70.4).                                                                                            Serum                 Significantly lower in reduced GSH in AD (*P* \< 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Serra et al. (2009) \[[@B22]\]                                     112 AD pts (mean age = 72.1). Exclusion criteria: head trauma, seizures, uncontrolled hypertension, mental retardation, psychosis or depression, smoking within 5 years, and vascular insult. Inclusion criteria: GDS of 3 to 5. 80 controls (mean age = 68.4).                                                                                                        Plasma                No significant difference of GPX.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Torres et al. (2011) \[[@B24]\]                                    29 AD pts. 26 controls                                                                                                                                                                                                                                                                                                                                                 Serum                 Significantly higher GPX in AD (*P* \< 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Cristalli et al. (2012) \[[@B7]\]                                  110 AD pts (mean age = 74.7, GDS 3 = mild, GDS 4-5 = intermediate, GDS 6-7 = severe). No further exclusion criteria. 134 controls (mean age = 77.8).                                                                                                                                                                                                                   Plasma/\              Significantly higher oxidized GSH (GSSG) in severe AD than intermediate AD, intermediate AD than mild AD, and mild AD than control. Significantly lower GSH/GSSG in similar pattern. All of these findings present plasma, erythrocytes. Significantly higher GPX in severe AD than intermediate AD, intermediate AD than mild AD, and mild AD than control.
                                                                                                                                                                                                                                                                                                                                                                                                                                            erythrocyte/\         
                                                                                                                                                                                                                                                                                                                                                                                                                                            leukocytes            

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Bourdel-Marchasson et al. (2001) \[[@B15]\]                        20 AD pts (mean age = 80.1). Follow-up at memory center for more than 6 months, no evidence of nutritional behavior, mean duration of AD = 3.9 years, 19 pts on cholinergic therapy. 23 controls (mean age = 76.0)                                                                                                                                                     Plasma/\              No significant difference of GPX between AD and control in erythrocytes level.
                                                                                                                                                                                                                                                                                                                                                                                                                                            erythrocytes          

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Serra et al. (2001) \[[@B6]\]                                      18 AD pts. 14 controls.                                                                                                                                                                                                                                                                                                                                                Erythrocytes          No significant difference of GSH between AD and controls.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Padurariu et al. (2010) \[[@B26]\]                                 15 AD pts (mean age = 65.8, MMSE = 18.5 ± 0.3, ADAS-cog = 18.5 ± 0.3, not taking antioxidant supplement). 15 controls (mean age = 62.5).                                                                                                                                                                                                                               Serum                 Significantly lower GPX in AD in serum level (*P* \< 0.0001).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Puertas et al. (2012) \[[@B28]\]                                   20 AD men (mean age = 70.6, MMSE = 23.7 ± 0.92). 26 AD women (mean age = 73.9, MMSE = 20.7 ± 0.66). Exclusion criteria: taking NSAIDs, steroids, vitamins or antioxidant supplements, history of smoking and alcohol intake, and comorbidity with other clinical major neurological illnesses. 16 control men (mean age = 73.3). 30 control women (mean age = 73.8).   Plasma                Significantly lower GPX in both male and female AD in plasma level (*P* \< 0.01).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Bermejo et al. (2008) \[[@B41]\]                                   45 AD pts. 28 controls.                                                                                                                                                                                                                                                                                                                                                Serum                 Significantly lower GSH/GSSG in AD (*P* \< 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Rinaldi et al. (2003) \[[@B54]\]                                   63 AD pts (mean age = 76.8). Exclusion criteria: smoking, alcohol abuse, major organ failure, dyslipidemia, and malnutrition. 56 controls (mean age = 75.8).                                                                                                                                                                                                           Plasma                Significantly lower GPX in AD (*P* \< 0.0001).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Baldeiras et al. (2008) \[[@B73]\]                                 42 AD pts. 37 controls.                                                                                                                                                                                                                                                                                                                                                Plasma                Significantly higher GSSG in AD (*P* \< 0.05).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Vural et al. (2010) \[[@B76]\]                                     50 AD pts (mean age = 71.9). Exclusion criteria: drug abuse, DM, hypertension, severe head injury, and seizure disorder. 50 controls (mean age = 65.1).                                                                                                                                                                                                                Plasma                Significantly lower GPX in AD (*P* \< 0.01).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  8-hydroxyguanosine                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Mecocci et al. (2002) \[[@B16]\]                                   40 AD pts (mean age = 75.9, MMSE = 17.3 ± 2.1). 39 controls (mean age = 74.8).                                                                                                                                                                                                                                                                                         Lymphocytes           Significantly higher in AD (*P* \< 0.001).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Migliore et al. (2005) \[[@B4]\]                                   20 AD pts (mean age = 71.05, AD disease duration = 3.3 ± 1.53). 15 controls (mean age = 65.8).                                                                                                                                                                                                                                                                         Leukocytes            Significantly higher in AD (*P* \< 0.001).

                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Nunomura et al. (2012) \[[@B74]\]                                  15 AD pts (mean age = 89.5). Pathologically definite AD classified into preclinical, MCI, and mild AD. 5 controls (mean age = 88.4).                                                                                                                                                                                                                                   Brain                 Significantly higher in mild AD and MCI than preclinical and control.
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

GDS: geriatric depression scale; CSF: cerebrospinal fluid; CDR: clinical dementia rating; DM: diabetes mellitus; MMSE: mini-mental state examination; AD: Alzheimer\'s disease; AchEI: anticholinesterase inhibitor; and pts: patients.
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